Background: Traumatic nasal deformities have a wide spectrum of presentations, which further complicates their management and preoperative planning. Although many methods and algorithms have been proposed for management of specific posttraumatic nasal deformities, such as twisted, deviated, saddle, or short nose, these algorithms usually focus on a specific deformity in isolation from the remainder of the nose. Objectives: The aim of this study is to present an algorithm for traumatic nasal deformities and to evaluate the functional and aesthetic outcomes of this new algorithm by a preoperative and postoperative quality-of-life questionnaire. Methods: Patients with traumatic nasal deformity were operated on according to our surgical algorithm. Preoperative and postoperative Rhinoplasty Outcome Evaluation (ROE) scores, which is a rhinoplasty outcome survey, were evaluated. Results: A total of 120 patients were included in the study. The mean preoperative ROE score was 3.3 ± 1.9 and mean postoperative ROE score was 20.4 ± 3.2. There was a statistically significant difference between preoperative and postoperative ROE scores (P < 0.001). There was a negative, mild to moderate, statistically significant correlation between preoperative scores and benefit (difference between postoperative and preoperative scores) (r = -0.465, P < 0.001), which means patients with lower scores had more improvement from the surgery. During the follow-up period, relapse of deviation, hypertrophic inferior turbinate, and intranasal synechia were found in 9% (n = 11), 6.6% (n = 8), and 3.3% (n = 4) of patients, respectively. Conclusions: In this study, a comprehensive surgical algorithm applicable to all traumatic nasal deformities is suggested, and the results of 120 patients with traumatic nasal deformities are presented.
Traumatic nasal deformities are a distinct entity from developmental malformations and often lead to both functional and aesthetic complaints. These patients usually present with more noticeable and significant cosmetic concerns, nasal obstruction, and a higher incidence of asymmetry. Their management is further complicated by the presence of fractured or significantly deformed septal cartilage. The final deformity will not only depend on the age at which it occurred but also the mechanism, severity, and direction of the original trauma.
Traumatic nasal deformities have a broad spectrum of presentations that further complicates their management and preoperative planning. Although many methods and algorithms have been proposed for the management of specific posttraumatic nasal deformities, including twisted, deviated, saddle, or short nose, 1-9 these algorithms usually focus on a particular deformity in isolation from the remainder of the nose. We have developed a surgical algorithm that is applicable to all traumatic nasal deformities. This is based on our experience managing these deformities for over 10 years. 10, 11 The algorithm applied divides the deformity and its management into 2 components: the nasal (osteocartilaginous) pyramid and the cartilaginous septum. This study aims to present an algorithm for traumatic nasal deformities and to evaluate the functional and aesthetic outcomes of this new algorithm through a preoperative and postoperative quality-of-life questionnaire.
METHODS
The study was approved by the ethics committee of the Gulhane Military Medical Faculty and followed the Declaration of Helsinki medical protocol. All rhinoplasty patients who presented between January 2010 and January 2014 were included in this retrospective study. The only patients included in this study were those whose deformity was the result of a traumatic event. Exclusion criteria included lack of a clear patient history revealing a severe trauma, previous rhinoplasty or septoplasty, and follow-up less than 6 months previous. All patients had at least a 1-year duration between the traumatic event and the corrective rhinoplasty surgery.
A detailed external and internal physical examination was performed, and the bone and cartilage deformities were recorded separately. Briefly, a full facial analysis was carried out, including measurement of frontonasal and nasolabial angles. External examination included recording of surface characteristics such as any scarring or cohesion resulting from the original trauma, any deviations from the midline, the shape of the nose, the width of the dorsal and basal bony vault, alar rim morphology, and tip definition/projection. The internal nasal examination was performed to assess the nasal septum, the turbinates, the internal nasal valve, and the nasal airflow. Direction and severity of the septal fracture line or bending were also determined during the intranasal examination. The exam findings and the surgical plan were sketched on paper (deformity/surgery scheme) and included in the patient's file. The intraoperative findings and the specific surgical maneuvers were also recorded postoperatively. Moreover, type and direction of septal fractures--including angulation, intertwining, or bending--were assessed and noted intraoperatively. Preoperative and postoperative photographs of patients were obtained from the lateral, frontal, oblique, and inferior planes. The Rhinoplasty Outcome Evaluation (ROE; Appendix A, available online at www.aestheticsurgeryjournal.com) was translated and adapted according to criteria from Guillemin et al 12 and administered to all patients during the office visit before and an average of 6.4 months after their surgery (range, 6-8 months). The ROE was completed to refer to the name of the patients, and the date of the ROE was also recorded.
Our surgical algorithm is presented in Figure 1 . All patients underwent an open rhinoplasty. The cartilaginous nasal septum was separated from all its mucosal connections, as prior trauma could cause scar formation or synechia that may lead to deviation at the adjacent cartilage. The nasal hump was excised before the septoplasty took place to confirm an adequate dorsal strut was preserved and therefore prevent weakening of nasal support. This could easily occur if the hump resection was made following posterior septal resection. Dorsal augmentation and camouflage using a free-diced cartilage graft were performed without wrapping material (ie, mesh, fascia, or acellular dermal matrices) or glue. 13, 14 Briefly, cartilage cubes were diced to 0.5 mm or smaller and injected bare into the recipient site. To achieve better control of shape and contour, the subperiosteal dissection was limited to a small pocket, and the cartilage injection was performed just before the final stitch and postoperative taping were performed.
A combination of fracturing of the inferior turbinate outwards and bipolar radiofrequency ablation was carried out in cases in which nasal airflow was obstructed by enlargement of the inferior turbinate. A CT scan was obtained for patients with chronic sinusitis and/or a headache to evaluate the maxillary sinus and the presence of a concha bullosa, which were then treated accordingly.
A chlorhexidine-embedded tulle grass tamponade was used for nasal packing and removed on the third postoperative day. An external splint was applied and removed on the seventh postoperative day. Postoperative follow-up was carried out at 2 weeks, 1 month, 3 months, 6 months, 12 months, and 24 months.
Preoperative and postoperative variation in ROE scores was evaluated. Statistical analysis was performed using SPSS for Windows 15.0 (Chicago IL, USA). Descriptive statistics were presented as the mean, standard deviation, min, max, frequency, and percentages. Preoperative and postoperative scores were compared by using the paired t test. Measurement of the linear association between preoperative scores and the difference between preoperative and postoperative scores was achieved using the Pearson correlation analysis. A P value of less than 0.05 was considered statistically significant.
RESULTS
One-hundred-twenty patients were included in the study. In our study group, 108 patients (90%) were male, and 12 (10%) were female. The mean age was 24 years (range, 21-32 years), and mean follow-up was 16 months (range, 6-24 months). Based on the preoperative examination and intraoperative findings, the most encountered pathology was cartilage fracture (76%), followed by dorsal bony deviation (60%), cartilage angulation (53%), cartilage bending (37%), and dorsal bony widening (32%). The frequency of nasal pathologies or deformities is listed in Table 1 . The surgical interventions used for these deformities are presented in Table 2 .
The mean preoperative ROE score was 3.3 ± 1.9 (range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , and the mean postoperative ROE score was 20.4 ± 3.2 (range, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . There was a statistically significant difference between preoperative and postoperative ROE scores (P < 0.001). However, the difference between postoperative and preoperative scores (benefit) was higher in patients with lower scores (Figure 2 ). There was a negative, mild to moderate statistically significant correlation between preoperative scores and benefit (r = -0.465, P < 0.001). This demonstrates that patients with lower scores experienced greater levels of improvement from the surgery. This is an expected outcome, considering there is less space for improvement in patients with higher scores. This is an observation that might be important during preoperative counseling of this group of patients. A scatter graph of preoperative scores and benefit is illustrated in Figure 2 . By comparing patient preoperative and postoperative scores for each question, the distributions of patient scores were found to be at lower levels for question 2 (breathing well from the nose) ( Figure 3 ). Moreover, by comparing the preoperative and postoperative scores of patients for each question, the functional outcome (question 2) was determined to be less successful than the aesthetic outcome (question 1) (Figure 3 ). These results have been attributed to high patient expectations, with aesthetic concerns occupying the forefront of the patient's minds compared with functional ones. It has also been attributed to the presence of preoperative severe functional disability in this cohort, and the use of a subjective method to evaluate functional results.
During the follow-up period, relapse of deviation, hypertrophic inferior turbinate, and intranasal synechia were identified in 9% (n = 11), 6.6% (n = 8), and 3.3% (n = 4) of patients, respectively. A total of 10 patients (8.3%) requested secondary surgery: 5 patients for cosmetic reasons, 2 for functional improvement of the airway, and 3 due to both functional and aesthetic concerns.
Postoperative ROE scores of these patients were under 12, except 1 patient whose ROE score was 18.
DISCUSSION
In this study, we prospectively evaluated our algorithm for correction of traumatic nasal deformities and confirmed its value in improving the function and aesthetic appearance of the nose.
There are various algorithms for correction of specific nasal deformities resulting from nasal trauma, 1, 4, 5, 8, 9 but they have not been tested on both preoperative and postoperative measurement methods. Hsiao et al 4 reported an algorithm for the traumatic twisted nose. In their study, they performed a postoperative survey to determine patient satisfaction with nasal function at rest and during exercise. Won et al 9 evaluated postoperative results of 25 deviated and saddle nose patients through a telephone survey, including both aesthetic and functional outcomes. In contrast to the results of this study, they determined that functional outcomes were better than aesthetic ones. Cheng et al described a new classification and surgical algorithm for the twisted nose. 1 They also performed a postoperative survey and evaluated nasal function and aesthetic outcome and reported better functional results than cosmetic outcomes. Another algorithm for deviated nose was reported by Rohrich et al, in which they did not test the success of their algorithm with a patient series. 8 The algorithm used in this study was first developed in 2010 and reported in 2012. 10, 11 In this study, the algorithm was validated by performing 120 surgeries according to this algorithm, with preoperative and postoperative ROE assessment. As far as we know, this study is the first report to test the success of a surgical algorithm for traumatic nasal deformities comparing preoperative and postoperative scores by using a subjective measurement method (ROE).
Preoperative planning involved the division of the deformity into bony and cartilaginous components, as both are usually involved in traumatic deformities. The nasal tip is often spared in traumatic deformities, and tip deformities/surgery was not included in this study, as nasal tip surgery is similar to aesthetic rhinoplasty. Bony deviation resulting from trauma leads to an asymmetrically oriented nasal bone and bony pyramid ( Figure 4 ). The nasal bone usually forms a greater right angle with the maxillary bone on the deviated side. Our preferred method for correction of this asymmetry is asymmetric hump resection and asymmetric lateral osteotomy. Asymmetric hump resection involves the excision of less bone being excised on the deviated side than on the other Caudal septum reconstruction 36 30 Costal cartilage harvest 16 13 Extracorporeal septoplasty Figure 2 . Scatter graph of preoperative scores and benefit. There was a statistically significant negative correlation between preoperative scores and benefit (r = -0.465, P < 0.001). side. 8, 15 Several osteotomy techniques should be combined to correct the deviation from the midline, and to narrow the nasal dorsum and the bony base. 16, 17 In the asymmetric lateral osteotomy, a midlevel lateral osteotomy (anatomic osteotomy) is performed on the deviated side and a low-level osteotomy on the other side. 18 A midlevel lateral osteotomy is conducted through the naso-maxillary suture, and this is the reason it is occasionally referred A B C D to as an anatomic osteotomy. However, in the latter, an osteotomy is performed at a lower level from this line. The lateral osteotomy runs the risk of an inadvertent fracture along the prior fracture line. An external osteotomy has been suggested by some authors as a method of decreasing this risk. 8 However, in this method we use a lateral handsaw to weaken the osteotomy line before osteotomy. This is to prevent unwanted nasal fractures. Alternatively, an external perforated osteotomy can accomplish the same goal. We perform external osteotomy only by using a 2-mm bone chisel on the cranial region of the nose if the bone fracture line is not ideal along with an unwanted osteotomy line. If there is no bony hump, then medial, paramedial, or medial oblique osteotomies should be performed to straighten the nasal axis. 17 The wide nasal dorsum deformity (broad nasal bones) is not commonly addressed in the literature, 19 but it is frequently seen in posttraumatic nose deformities. In our series, its rate was 32%. Different methods have been suggested to correct this deformity, such as multiple lateral osteotomies, hump excision plus lateral osteotomy/ medial osteotomy, wedge ostectomy, or medial oblique osteotomy. [19] [20] [21] If there is dorsal bone widening without a nasal hump, a wedge ostectomy is preferred from the dorsal bone in conjunction with a lateral osteotomy to narrow the bony roof. Basal nasal bone widening can be corrected by a symmetrical low lateral osteotomy.
Although many methods have been described for dorsal nasal augmentation, such as block costal cartilage, Turkish delight, superficial temporal fascia, or diced cartilage with fibrin glue, 22-24 the preferred method used here is free-diced cartilage graft without wrapping material or fibrin glue. This is because of its easy applicability, flexibility, and plasticity. Diced cartilage grafts, which are cleanly cut into minute pieces and not crushed, have been proven to have excellent viability and longevity 25 as described by Peer in the early 1950s. 26 Using fascia as a sleeve material causes donor site morbidity, and oxidized regenerated cellulose (eg, Surgicel®) usage may cause cartilage resorption and fibrosis, which makes the result unpredictable. 23, 27 On the other hand, a free-diced cartilage injection does not only simplify the procedure compared with diced cartilage in fascia but makes the operation time shorter and avoids possible donor site morbidity. Also, it provides a more predictable result than Turkish delight. To prevent dispersion, care must be given to create a subperiosteal pocket and to inject the cartilage just before taping. We use a diced cartilage graft not only for dorsal augmentation but also for camouflaging minor dorsal irregularities. It must be noted that overcorrection is not recommended with diced cartilage graft, if graft resorption is minimal or absent. 25, 28 Septal cartilage deformities, such as fractures or bending, can elicit various effects on nasal function, structure, and aesthetics, depending on the location and type of the deformity. Here, cartilage deformities are divided into 3 anatomical regions: anterior, caudal, and posterior. Posterior septal resection must be performed in any septal deviation regardless of orientation or localization of the fracture because mucosal scarring and intrinsic cartilage forces could prevent straightening of the septum. 16, 29 This resection may also include the maxillary crest, perpendicular plate of ethmoid bone, and vomer. 8, 16, 29 Lack of E F Figure 4 . Continued addressing the posterior cartilage may result in the anterior or caudal deviations not being corrected. In the case of the fracture line extending to the anterior (dorsal) or caudal portion of the quadrangular cartilage, and if the fracture causes an acute deviation at the caudal portion of the nasal septum, then it is deemed preferential to incise the cartilage along the fracture line and reposition the distal portion of the cartilage, suturing the fracture line and reinforcing with long spreader grafts or batten grafts. Batten grafting (splinting grafts) is used to splint or reinforce any weak area in the nose, especially at the caudal septum. In mild and moderate cases, if only bending exists, then scoring plus bilateral long spreader grafts may be adequate, 8, 9 whereas, in severe cases, intrinsic cartilage tension prevents straightening of the dorsal deviation. Different techniques may be employed to overcome this troublesome issue, such as spreader grafts, spreader flaps, and full-thickness sequential cuts of 50% of the dorsal L strut. 8, 16, 30 Following scoring, it is deemed preferential to cut the dorsal L strut entirely at the level of cranial onset of the bending to relieve cartilage tension originating from cartilaginous bending ( Figure 5 ). This maneuver removes tissue tensile forces resisting the straightening effort of the dorsal cartilage. Following alignment of the distal and proximal segments without tension, the segments are sutured to each other and reinforced with bilateral long spreaders and/or batten grafts (Figures 6 and 7 ). This type of particular maneuver is necessary for correction of traumatic nasal deformities because of the etiological difference and the greater severity of clinical presentation evident compared to the other types. Sometimes the quadrangular cartilage is fractured through multiple lines, and the cartilage segments intertwine like a telescope (Figure 8 ). This tends to result in a short or badly deviated nose and nasal collapse. In such severe deformities, an extracorporeal septoplasty is preferred. Gubish is one of the masters of extracorporeal septoplasty in the world. He states, "Sometimes in the badly deviated nose, the S.M.R. (submucous resection) does improve the breathing difficulty of the patient but the external deviation of the nose remains as such. In all such cases, even the standard septoplasty will not bring permanent straight septum. This can be achieved only by an extracorporeal septal reconstruction, which may correct the external deviation of the nose too." 31, 32 We have no absolute indication for extracorporeal septoplasty, and we prefer to decide on the operation. After the septal mucosa is detached from the cartilage, the whole septal cartilage is evaluated intraoperatively. If there are multiple fracture lines in the septal cartilage and there is severe deviation or angulation on the dorsal or caudal L strut, then the decision is made to perform an extracorporeal septoplasty. Thus, we can state that our indication is nearly the same as that of Gubish: badly deviated nose and severe deformities of the dorsal or caudal L strut. It may be possible to add the telescoped septal cartilage and nasal collapse to the indications (Figure 9 ). Nasal tip support, which is affected by the caudal septum, has a significant effect on both nasal respiratory function and aesthetic appearance. If the nasal tip loses its support after the trauma, the appearance of the nasal tip deteriorates. However, this is an extrinsic effect, not intrinsic; consequently, nasal tip surgery was not included in the algorithm used in this study. Our algorithm focused on the restoration of nasal tip support. Thus, nasal tip surgery was performed during the operation of the traumatic nose, but the surgical approaches used are the same as those used in other rhinoplasty cases. Any deformation of the caudal septum leading to decreased nasal tip support must be reconstructed using septal or rib cartilage grafts. During the preoperative evaluation, if it is believed that septal cartilage grafts harvested from the posterior septum will not be adequate for reinforcement of the septal framework, then preoperative patient consent must be taken for rib cartilage harvest. In the case of cranio-caudal deficiencies, septal elongation grafts are used. 3 Caudal septal dislocation resulting from trauma is almost always seen along with severe bending or cartilage fracture. Our philosophy behind the approach to caudal septal dislocation is to relocate the caudal septum to improve nasal breathing, aesthetic appearance, and nasal tip support. Any plastic surgeon aims to relocate the caudal septum into a straight line between the dorsal septal cartilage and anterior nasal spine. For this purpose, we use the methods described in our algorithm. Following straightening of the caudal septum it is repositioned to the midline and stabilized in position by suturing it to the anterior nasal spine.
Secondary surgeries were performed in 10 cases (8.3%), and of these 10, 5 had requested the secondary operation for only cosmetic concerns. No patient requested tertiary surgery. The reason for aesthetic concerns was the mostly relapsing deviation. In such cases, we usually use camouflage cartilage grafts that are harvested from ear cartilage and asymmetric suturing techniques. The functional disabilities that caused the demand for secondary surgery by the patients had generally stemmed from hypertrophic inferior turbinate and nasal synechia. This type of failure of outcome could be the consequence of insufficiently performing the methods proposed in the algorithm.
The ROE is a quality-of-life questionnaire that was developed by Alsarraf, 33 determined by Izu et al. 34 The ROE includes 6 questions that evaluate a patient's perception regarding his/her aesthetic appearance, emotional status, and nasal breathing function. The total score for each patient is between 0 and 24. Izu et al determined that the normal minimum limit of the ROE score is 12, corresponding to 50% of the total score. 34 The mean preoperative ROE score of our study group was 3.3 ± 1.9 (range, 2-11), thereby indicating the severity of their preoperative deformities. 34 Nasal function can be assessed by rhinomanometry, an objective measurement method, and by subjective perception of nasal airflow; however, little agreement exists between these 2 methods. [35] [36] [37] [38] [39] Although the evaluation of nasal breathing by measurable objective methods such as rhinomanometry has undeniable importance when comparing preoperative and postoperative functional ability, this study was designed to evaluate the patient's perception. Therefore, the method chosen in this study is a subjective measurement method depicted by the patient's viewpoint. Unfortunately, there is a lack of studies in the literature E F G H Figure 9 . Continued comparing aesthetic and functional benefits following traumatic nasal deformity surgery against which to compare our results. In this study, a single surgeon, using the same algorithm, performed all operations. The evaluation was carried out using a validated questionnaire on a large number of patients. However, there are some limitations of the study. Although follow-up is adequate and likely suffices, it will be interesting to see if the results endure over the long term. Many different deformities have been observed in one patient, so it is impossible to know the exact contribution of each surgical maneuver to the functional and aesthetic outcomes. Most of our patients were of Mediterranean origin, which apparently appears to dictate different desires and anatomical characteristics from other ethnicities.
Another limitation of this study is the fact that 90% of the patients are male. However, it should be noted that the male population has greater chance of experiencing facial trauma. Including more females would be ideal, but this, unfortunately, is difficult, especially as males are more likely to have traumatic nasal deformities.
Thirdly, the ROE was administered "at least 6 months after their surgery," and postoperative visits were performed up to 24 months following surgery. The difference in patients' opinions regarding their noses from 6 months to 24 months is quite vast and may affect how they rate their functional/aesthetic outcomes, especially as a result of rhinoplastic surgery. It would be more beneficial if the postoperative administration of ROE could be administered at a later date (ideally at least 1 year postoperative). A uniform date for administration of the ROE could provide not only continuity of timing for all patients, but it would also assure most swelling/edema would have resolved. However, calling back patients for a postoperative visit and administration of ROE 1 year after surgery is very risky in our country, as they may not come for the visit if they have no problems. It is as a consequence of this that the administration of ROE was planned for after 6 months when the patients may come if they call for the visit. In addition, there are many studies in the literature where the patient perception tests were administered in the sixth month after nasal surgery.
Finally, as in many reconstructive or aesthetic surgeries, there are often several ways to achieve the same goal, and this is extremely applicable to rhinoplasty. Other surgeons might deliver equal or better results using other techniques. The aim of this study was not to compare different methods; rather, we somewhat tested our algorithm. Closed rhinoplasty surgeons, in particular, might have different views on how to correct such deformities. There are so many deformity combinations in the traumatic nose that it is difficult and also meaningless to suggest an algorithm for each. For example, in the case of severe bony deviation, only lateral osteotomy might fail to correct the deviation. In such cases, the hump resection technique, medial osteotomies, dorsal bony wedge resection, as well as camouflage diced cartilage grafts may also contribute to correcting the deviation. Our algorithm simply provides guidance to surgeons. Developing and adapting it to their practice will be up to the surgeons.
CONCLUSIONS
Treatment of the traumatic nose is a challenging endeavor because of the complexity and diversity of the deformities. Therefore, many surgical algorithms have been suggested for treatment of the traumatic nose, but they have been designed for correction of a specific nasal deformity. In this study, a comprehensive surgical algorithm that is applicable to all traumatic nasal deformities is suggested, and its results in 120 patients with traumatic nasal deformities are presented. Through our algorithm, deformities in both the bony and cartilaginous structures are identified separately and treated accordingly. Preoperative and postoperative quality-of-life questionnaires (ROE) identified a significant improvement, more in aesthetic aspects compared to functional aspects.
